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SELF-REPAIR LOGIC FOR STACKED
MEMORY ARCHITECTURE

TECHNICAL FIELD

Embodiments of the invention generally relate to the field
of electronic devices and, more particularly, to self-repair
logic for stacked memory architecture.

BACKGROUND

To provide more dense memory for computing operations,
concepts involving memory devices (which may be referred
to as 3D stacked memory, or stacked memory) having a
plurality of closely coupled memory elements have been
developed. A 3D stacked memory may include coupled layers
or packages of DRAM (dynamic random-access memory)
memory elements, which may be referred to as a memory
stack. Stacked memory may be utilized to provide a great
amount of computer memory in a single device or package,
where the device or package may also include certain system
components, such as a memory controller and CPU (central
processing unit).

However, there may a significant cost in the manufacture of
3D stacked memory, in comparison with the cost of simpler
memory elements. In the construction of stacked memory
devices, a memory die that is without flaws when fabricated
may develop flaws in the manufacture of the 3D stacked
memory package. Because of this, the cost of defective
memory devices may be significant for device manufacturers,
or for customers who purchase electronic devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings in which like reference numerals
refer to similar elements.

FIG. 1 illustrates an embodiment of a 3D stacked memory;

FIG. 2 illustrates an embodiment of a self-repair apparatus
or system that provides for replacement of defective TSV
operation using generation of error correction code;

FIG. 3 is an illustration of the generation of error correction
code in an embodiment of an apparatus or system;

FIG. 4 illustrates an embodiment of error correction ele-
ments for a apparatus or system providing self-repair of
defective TSV operation;

FIG. 5 is an illustration of an apparatus or system providing
for self-repair of TSV operation using substitution of defec-
tive TSVs with spare TSVs;

FIG. 6 is an illustration of an embodiment of an apparatus
or system providing foruse of data of spare TSVs to substitute
for data from defective TSVs;

FIG. 7 is an illustration of an embodiment of identification
of defective TSVs in a device or system;

FIG. 8 is a flowchart to illustrate an embodiment of a
process for using spare TSVs in a stacked memory device to
repair operations of defective TSVs;

FIG. 9 is an illustration of an embodiment of an apparatus
or system including elements for repair of operations of
defective TSVs using spare TSVs; and

FIG. 10 illustrates an embodiment of a computing system
including stacked memory having elements for repair of
operations of defective TSVs using spare TSVs.

DETAILED DESCRIPTION

Embodiments of the invention are generally directed to
self-repair logic for a stacked memory architecture.
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As used herein:

“3D stacked memory” (where 3D indicates three-dimen-
sional) or “stacked memory” means a computer memory
including one or more coupled memory die layers, memory
packages, or other memory elements. The memory may be
vertically stacked or horizontally (such as side-by-side)
stacked, or otherwise contain memory elements that are
coupled together. In particular, a stacked memory DRAM
device or system may include a memory device having a
plurality of DRAM die layers. A stacked memory device may
also include system elements in the device, which may be
referred to herein as a system layer or element, where the
system layer may include elements such as a CPU (central
processing unit), a memory controller, and other related sys-
tem elements. The system layer may include a system on chip
(SoC). In some embodiments, the logic chip may be an appli-
cation processor or graphics processing unit (GPU).

With the advent of the stacked DRAM standard (such as the
WidelO standard), the DRAM wafer may be stacked with a
system element such as a system on chip (SoC) wafer in the
same package with a memory stack. The stacked memory
may utilize through silicon via (TSV) manufacturing tech-
niques, where vias are produced through silicon dies to pro-
vide signal paths through the memory stack.

TSV manufacturing technique is used to interconnect the
stacked silicon chips through direct contact. However, this
technique may create a significant yield loss when TSVs are
defective. The stacked memory assembling process and TSV
manufacturing may potentially introduce defects into stacked
memory devices. This may result in an increase in manufac-
turing and test cost increase, and may create yield problem in
manufacturing. Defective TSVs are a critical element in
stacked memory manufacturing because the existence of
defective TSVs will directly impact manufacturing yield. If
each device having defective TSVs is discarded, the resulting
cost would be significantly greater in comparison with
defects in conventional single die memory because in a
stacked memory both a stacked DRAM package and an SoC
will be lost. In conventional memory, a repair process may
include replacement of an entire row or column by extra row
or column, but this does not assist in circumstances in which
connecting TSVs are defective.

In some embodiments, an apparatus, system, or method
includes self-repair logic utilizing spare TSVs to dynamically
perform a repair process for defective TSVs. In some embodi-
ments, in order to improve reliability, reduce costs, and
increase manufacturing yield, spare TSVs are included
among TSVs in a stacked memory device to allow for repair-
ing the defective TSVs. However, repair logic in a stacked
memory should be minimized or reduced to avoid excessive
hardware overhead for stacked memory devices.

In some embodiments, self-repair logic, such as error cor-
recting code (ECC) and redirection of data, may be adopted
for repair of defective TSVs operation using spare TSVs. In
some embodiments, a TSV repair technique enables the
dynamic repair of defective TSV by replacing the operation
of defective TSV, thus enhance the manufacturing yield and
reliability of devices by allowing full operation of stacked
memory devices having TSV defects. In some embodiments,
a self-repair technique does not require re-routing of devices
or shifting operations to different elements to replace defec-
tive TSVs.

In some embodiments, the testing to identify defective
TSVs and the self-repair of the operation of defective TSVs
may occur at various times, and may occur multiple times in
the lifespan of a memory device. Testing and self-repair may
be either static in initial testing, or dynamic in operation. For
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example, testing and self-repair of TSV operation may occur
in the manufacturing of stacked memory devices, and may
occur in the manufacture of an apparatus or system including
stacked memory. Further, testing and self-repair may occur in
the operation of such apparatus or system. In an example,
testing and self-repair may occur at each power up cycle for
the apparatus or system.

In some embodiments, an apparatus, system, or method
provides for error correction of data transferred by the TSVs
of a memory device. In some embodiments, a stacked
memory device includes self-repair logic utilizing error cor-
recting code. In this approach, on a transmitting side, a check
bit (or other error correcting code) is generated based on data
to be transferred by a plurality of TSVs. For example, every
data byte may be utilized in the generation of check bits. The
data is transferred via the TSVs, with the check bits being
transferred via spare TSVs.

On a receiving side, decodes the data (the raw data and the
check bit(s)) and corrects the corrupted data, such that correct
data is provided by the stacked memory device regardless of
the defective TSV channel. Thus, even though there is a
defective TSV, the error correcting logic corrects the cor-
rupted data from the channels and thus provides for replace-
ment of the TSV operation.

In certain implementations, certain errors may be detected
and corrected, or certain errors may be detected if not cor-
rected, such as in circumstances in which there are excessive
numbers of defective TSVs. For example, logic may provide
for single error correction and double-error detection (SEC-
DED), single-error-correction and double adjacent error cor-
rection (SEC-DAEC), and other correction and detection
operations. In one example, SEC-DAEC may be particularly
useful in TSV operation because defects in a device may
cause issues for adjacent TSVs, and thus there may be par-
ticular value in correcting double adjacent errors.

Multiple different kinds of self-repair logic may be utilized
in an embodiment of an apparatus, system, or method, with
error correcting codes and error detecting codes being com-
mon examples. For example, for single-bit error correcting
code, check bits are generated using the data word. If the size
of'the data word is D and the number of required check bits to
have SEC-DEC capability is C, then C is determined when D
and C meet the requirements of Equation 1:

2%D+C+1 [1]

Hence, if the data words are 32 bits, 64 bits, and 128 bits,
then, 6, 7, and 8 bits of check bits are required to perform
single error correction, respectively. Every 32 TSVs, 64
TSVs, or 128 TSVs may thus have 6, 7, or 8 spare TSVs to
perform the repair process using error correcting code.

In some embodiments, an apparatus, system, or method
utilizes the redirection of data from a defective TSV to a spare
TSV to provide for repair to TSV operation. In some embodi-
ments, a hardware mapping process maps a defective TSV
channel to a spare channel to perform the self-repair process.
In this approach, on the transmitting side a mapping multi-
plexer may be used, where selection bits for the multiplexer
may be dynamically or statically generated. In some embodi-
ments, on the receiving side de-multiplexing logic is imple-
mented and selection bits may be generated in the same
manner. In a dynamic approach, Built-in Self Test (BIST)
logic may be run to identify one or more defective TSVs. In
some embodiments, static and dynamic repair is performed
by utilizing hardware mapping logic in the transmitting side
and the receiving side. In some embodiments, the static and
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4

dynamic repair processes use multiplexer/de-multiplexer
logic or other similar logic to route a defective TSV to a spare
TSV.

In some embodiments, a memory device includes a
memory stack having one or more memory die elements,
including a first memory die element, and a system element
coupled with the memory stack. The first memory die element
includes multiple TSVs, the TSVs including data TSVs and
one or more spare TSVs, and self-repair logic to repair opera-
tion of a defective TSV of the plurality of data TSVs, the
repair of operation of the defective TSV including utilization
of'the one or more spare TSVs.

In some embodiments, a method includes conducting a test
of a stacked memory device, the stacked memory stack
including one or more memory die elements, a system ele-
ment coupled with the memory stack, and a plurality of TSVs;
detecting one or more defective TSVs of the plurality of
TSVs; and repairing operation of the one or more defective
TSVs, the repair of operation including utilization of the one
or more spare TSVs.

In some embodiments, a system includes a processor to
process data of the system; a transmitter, receiver, or both
coupled with an omnidirectional antenna to transmit data,
receive data, or both; and a memory to store data, the memory
including a stacked memory device. In some embodiments,
the stacked memory device includes a memory stack having
one or more memory die elements, including a first memory
die element, and a system element coupled with the memory
stack, wherein the first memory die element includes a plu-
rality of TSV, the plurality of TSVs including a plurality of
data TSVs and one or more spare TSVs, and self-repair logic
to repair operation of a defective TSV of the plurality of data
TSVs, the repair including utilization of the one or more spare
TSVs.

FIG. 1 illustrates an embodiment of a 3D stacked memory.
In this illustration, a 3D stacked memory device 100, such as
a WidelO memory device, includes a system element 110
coupled with one or more DRAM memory die layers 120,
also referred to herein as the memory stack. In some embodi-
ments, the system element may be a system on chip (SoC) or
other similar element. In this illustration, the DRAM memory
die layers include four memory die layers, these layers being
a first memory die layer 130, a second memory die layer 140,
a third memory die layer 150, and a fourth memory die layer
160. However, embodiments are not limited to any particular
number of memory die layers in the memory stack 120, and
may include a greater or smaller number of memory die
layers. Each die layer may include one or more slices or
portions, and may have one or more different channels. Each
die layer may include a temperature compensated self-refresh
(TCSR) circuit to address thermal issues, where the TCSR
and a mode register (MR) may be a part of management logic
of'the device, and where the MC may include thermal offset
bit(s) for adjustment of refresh rate by the TCSR. The die
layers and the system element may be thermally coupled
together.

Among other elements, the system element 110 may
include a memory controller 112, such as a WidelO memory
controller, for the memory stack 120. In some embodiments,
each memory die layer (with the possible exception of the top
(or outermost) memory die layer, such as the fourth memory
die layer 160 in this illustration) includes a plurality of
through silicon vias (TSVs) 105 to provide paths through the
memory die layers, as well as one or more spare TSVs 107.

In some embodiments, the stacked memory device 100
provides for self-repair of TSV operations utilizing the spare
TSVs107. In some embodiments, one or more of the memory
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die layers 120 includes detection logic (such as detection 132
illustrated in the first memory die layer 130) to detect defec-
tive TSVs. The detection logic 132 may include BIST ele-
ments of the memory die layer. In some embodiments, one or
more of the memory die layers 120 includes spare TSV self-
repair logic (such as the self-repair logic 132 illustrated in the
first memory die layer 130) to provide for repair of the TSV
operation for defective TSVs. In some embodiments, the
self-repair logic 132 may include error correction logic uti-
lizing the spare TSVs, where the error correction logic cor-
rects errors generated by one or more defective TSVs. In
some embodiments, the spare TSV logic may include multi-
plexing and de-multiplexing operations to allow for the
rerouting of data of defective TSVs through spare TSVs.

FIG. 2 illustrates an embodiment of a self-repair apparatus
or system that provides for replacement of defective TSV
operation using generation of error correction code. FIG. 2
illustrates an embodiment of hardware architecture to gener-
ate check bits based on a received data word. However,
embodiments are not limited to any particular error correction
structure. In some embodiments, regardless of the location of
defective TSV, corrupted data may be restored by the ECC
scheme.

In this illustration, a memory apparatus or system 200
includes a plurality of TSVs 210, where the plurality of TSVs
includes one or more spare TSVs 215. The non-spare TSVs
intended to receive data may be referred to herein as data
TSVs. As illustrated, at some point in time, a TSV 220 has
become defective. As illustrated, inputs to the data TSV of
the plurality of TSVs 210 are also connected to a check bit
generator 225 (or other error correction code generator,
including error correction code generator 300 in FIG. 3). In
some embodiments, the check bit generator 225 generates
check bits for transmission via the spare TSVs 215, where the
check bits are used in the correction of data that has been
corrupted by the defective TSV 220.

FIG. 3 is an illustration of the generation of error correction
code in an embodiment of an apparatus or system. In some
embodiments, a error correction code generator 300 (such as
check bit generator 225 illustrated in FIG. 2) receives each
data bitinput 305 intended for a plurality of TSVs (such as the
data TSVs of the plurality of TSVs 210 illustrated in FIG. 2).

In this particular implementation, the error correction code
generator 300 includes a plurality of exclusive OR elements
(XOR 320, 325, 330, and 335) to generate check bits 350 for
use in the self-repair process for TSVs. However, embodi-
ments of a memory apparatus or system are not limited to any
particular error correction code generator implementation.

FIG. 4 illustrates an embodiment of error correction ele-
ments for an apparatus or system providing self-repair of
defective TSV operation. In some embodiments, a memory
apparatus or system 400 includes error correction logic 450 to
provide for self-repair of defective TSV operation. In some
embodiments, the correction logic will receive data from a
plurality of TSVs 410 coupled to connections 425, where the
TSVs include spare TSVs 415, the spare TSVs being utilized
to provide generated error correction code based on the data
transmitted via the non-spare TSVs.

In this example, the TSV include one or more defective
TSVs, such as a defective TSV 420. In some embodiments,
the memory apparatus or system utilizes the error correction
logic to provide self-repair of the operation of the defective
TSV 420 by generating corrections for errors caused by the
defective TSV.

FIG. 5 is an illustration of an apparatus or system providing
for self-repair of TSV operation using substitution of defec-
tive TSVs with spare TSVs. In some embodiments, a hard-
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6

ware mapping process, which may be utilized in static and
dynamic repairs, utilize multiplexer/de-multiplexer logic to
route data intended for a defective TSV to a spare TSV.

In some embodiments, a memory apparatus or system 500
receives a plurality of functional values 505 that are intended
for a set of TSVs 510, where the TSVs of the apparatus or
system 500 also include one or more spare TSVs 515. In some
embodiments, the apparatus or system includes a multiplexer
530, where the multiplexer is used to choose a data line for
which there is a defective TSV such that the data for the
defective TSV is routed to a spare TSV. In some embodi-
ments, the transmission of the data via the spare TSV allows
for self-repair of the operation of the defective TSV in trans-
mission of the relevant data.

FIG. 5 illustrates a particular implementation is which a
multiplexer element is used to re-route data to a spare chan-
nel. However, embodiments are not limited to this particular
implementation, and may utilize any elements that provide
for the selection of the data of a defective TSV for transmis-
sion using a spare TSV. For example, the multiplexer logic
may be implemented using standard cell, pass transistor, or
primitive logic gates. Ifa pass transistor logic implementation
is chosen in an embodiment, then the pass transistor logic
may be added to all channels of the memory device for delay
balancing.

In a particular example, if the third TSV of a plurality of
TSVs is determined to be defective (such as shown in FIG. 5),
a defect location may be identified by fusing for a static
operation, where a fuse 540 is illustrated for each transmis-
sion TSV. The fusing is represented in FIG. 5 as ‘1’ or ‘0’
(where ‘1’ indicates a defect location and ‘0’ indicates a
location having no defect). In this implementation, defect
location bits are used as mux/demux selection bits. However,
embodiments are not limited to this particular implementa-
tion of the selection data for the multiplexer and de-multi-
plexer operations.

FIG. 6 is an illustration of an embodiment of an apparatus
or system providing for use of data of spare TSV’s to substitute
for data from defective TSVs. In some embodiments, a
memory apparatus or system 600 includes a plurality of TSVs
610 to transfer functional values 605, where the TSV include
one or more spare TSVs 615 for use in the self-repair of
defective TSV operation. In this illustration, TSV 620 is
defective, and as a result the data intended for such TSV has
instead been transmitted via a substitute TSV of the one or
more spare TSVs 615. In some embodiments, the apparatus or
system 600 includes a demultiplexer 650 for use in directing
the data received from the spare TSVs 615 to the correct
location for the defective TSV 620. While not included in this
illustration, the selection for the demultiplexer may include
fusing as illustrated in FIG. 5.

FIG. 7 is an illustration of identification of defective TSVs
in a device or system. In this illustration, a plurality of TSVs
710 may include one or more defective 720 TSVs. At a point
in time, a test of the TSV's may occur, where the testing may
include the use of BIST circuitry in the memory die elements
of'the apparatus of system. In this illustration, a test sequence
may include the input of various inputs 705, including all ‘1°.
In this illustration, the defective TSV 720 provides an erro-
neous ‘0’ value in outputs 735. In some embodiments, the
apparatus or system operates to identify the TSV 720 as
defective, and to utilize such information to provide for self-
repair of the operation of the TSV.

In some embodiments, for dynamic repair a BIST engine
may be run as a part of the initial firmware bring up/Reset
sequence. In some embodiments, hardware may be imple-
mented to detect the failing channel dynamically. For
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example, the hardware implementation may include a counter
to keep track of a number of read mismatches, and a com-
parator is implemented to compare expected number of reads
with total read mismatches. If the number of mismatches
equals the expected number, then the failing TSV channel can
be identified. As an example, a DRAM may have four entries
with each entry having a width of 32. In this example, the
BIST engine writes all 1’s to each entry and reads each entry
of the 4 entries back. If read mismatch=4 and if all the mis-
matches are indicated to the same failing bit (say data bit 25),
then the TSV channel corresponding to data bit 25 is the
failing and needs to be replaced. In some embodiments, once
the failing channel location is identified, mux/demux select
bits may be programmed in one of multiple different ways
such as firmware, uCode, or any other data bit programming
method.

FIG. 8 is a flowchart to illustrate an embodiment of a
process for using spare TSVs in a stacked memory device to
repair operations of defective TSVs. In this illustration, test-
ing may be conducted for a stacked memory device 805,
where the stacked memory device includes spare TSVs and
logic to provide for self-repair of defective TSV operation. In
some embodiments, there may be testing to determine
whether one or more defective TSV have been identified in
the stacked memory device 810. If no defective TSVs have
been identified, normal operation may be commenced or
continued 815, which, depending on the implementation,
may be followed by period retesting of the memory device
805, such as testing on start up of the apparatus or system
containing the memory device.

In some embodiments, the testing of TSVs may vary
depending on the self-repair implementation. In some
embodiments, the testing may include the generation of error
correction bits for transmission via the one or more spare
TSVs. In some embodiments, the testing may include testing
utilizing BIST circuitry of the memory device.

In some embodiments, if one or more defective TSV are
identified 810, then operations are implemented to provide
self-repair of the operation of the defective TSVs using the
one or more spare TSVs 820.

In some embodiments (shown as Process A), the self-repair
includes receiving the generated error correction bits that are
transmitted via the spare TSVs 825. In some embodiments,
corrected data for the defective TSV is generated using error
correction logic 830, where the corrected data is based upon
the received data and error correction data. The memory
device operation then proceeds using the corrected data 835,
allowing commencement or continuation of normal operation
of the memory device 815.

In some embodiments (shown as Process B), the self-repair
includes identifying a spare TSV for each defective TSV 850,
and setting a multiplexer (or other logic elements) to direct
data intended for the defective TSV to the spare TSV 855. In
some embodiments, a demultiplexer is set to direct data from
the identified spare TSV to the appropriate data connections
for the one or more defective TSVs 860. The memory device
operation then proceeds using the spare TSV data path 865,
allowing commencement or continuation of normal operation
of the memory device 815.

FIG. 9 is an illustration of an embodiment of an apparatus
or system including elements for repair of operations of
defective TSVs using spare TSVs. Computing device 900
represents a computing device including a mobile computing
device, such as a laptop computer, a tablet computer (includ-
ing a device having a touchscreen without a separate key-
board; a device having both a touchscreen and keyboard; a
device having quick initiation, referred to as “instant on”
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operation; and a device that is generally connected to a net-
work in operation, referred to as “always connected”), a
mobile phone or smart phone, a wireless-enabled e-reader, or
other wireless mobile device. It will be understood that cer-
tain of the components are shown generally, and not all com-
ponents of such a device are shown in device 900. The com-
ponents may be connected by one or more buses or other
connections 905.

Device 900 includes processor 910, which performs the
primary processing operations of device 900. Processor 910
can include one or more physical devices, such as micropro-
cessors, application processors, microcontrollers, program-
mable logic devices, or other processing means. The process-
ing operations performed by processor 910 include the
execution of an operating platform or operating system on
which applications, device functions, or both are executed.
The processing operations include operations related to 1/O
(input/output) with a human user or with other devices, opera-
tions related to power management, operations, or both
related to connecting device 900 to another device. The pro-
cessing operations may also include operations related to
audio [/0O, display I/O, or both.

In one embodiment, device 900 includes audio subsystem
920, which represents hardware (such as audio hardware and
audio circuits) and software (such as drivers and codecs)
components associated with providing audio functions to the
computing device. Audio functions can include speaker,
headphone, or both such audio output, as well as microphone
input. Devices for such functions can be integrated into
device 900, or connected to device 900. In one embodiment,
a user interacts with device 900 by providing audio com-
mands that are received and processed by processor 910.

Display subsystem 930 represents hardware (such as dis-
play devices) and software (such as drivers) components that
provide a display having visual, tactile, or both elements for a
user to interact with the computing device. Display sub-
system 930 includes display interface 932, which includes the
particular screen or hardware device used to provide a display
to a user. In one embodiment, display interface 932 includes
logic separate from processor 910 to perform at least some
processing related to the display. In one embodiment, display
subsystem 930 includes a touch screen device that provides
both output and input to a user.

1/O controller 940 represents hardware devices and soft-
ware components related to interaction with a user. 1/O con-
troller 940 can operate to manage hardware that is part of
audio subsystem 920, a display subsystem 930, or both such
subsystems. Additionally, I/O controller 940 illustrates a con-
nection point for additional devices that connect to device 900
through which a user might interact with the system. For
example, devices that can be attached to device 900 might
include microphone devices, speaker or stereo systems, video
systems or other display device, keyboard or keypad devices,
or other I/O devices for use with specific applications such as
card readers or other devices.

As mentioned above, I/O controller 940 may interact with
audio subsystem 920, display subsystem 930, or both such
subsystems. For example, input through a microphone or
other audio device can provide input or commands for one or
more applications or functions of device 900. Additionally,
audio output can be provided instead of or in addition to
display output. In another example, if display subsystem
includes a touch screen, the display device also acts as an
input device, which can be at least partially managed by 1/O
controller 940. There can also be additional buttons or
switches on device 900 to provide I/O functions managed by
1/O controller 940.
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In one embodiment, /O controller 940 manages devices
such as accelerometers, cameras, light sensors or other envi-
ronmental sensors, or other hardware that can be included in
device 900. The input can be part of direct user interaction, as
well as providing environmental input to the system to influ-
ence its operations (such as filtering for noise, adjusting dis-
plays for brightness detection, applying a flash for a camera,
or other features).

In one embodiment, device 900 includes power manage-
ment 950 that manages battery power usage, charging of the
battery, and features related to power saving operation.

In some embodiments, memory subsystem 960 includes
memory devices for storing information in device 900. The
processor 910 may read and write data to elements of the
memory subsystem 960. Memory can include nonvolatile
(having a state that does not change if power to the memory
device is interrupted), volatile (having a state that is indeter-
minate if power to the memory device is interrupted) memory
devices, or both such memories. Memory 960 can store appli-
cation data, user data, music, photos, documents, or other
data, as well as system data (whether long-term or temporary)
related to the execution of the applications and functions of
system 900.

In some embodiments, the memory subsystem 960 may
include a stacked memory device 962, where the stacked
memory device includes one or more memory die layers and
a system element. In some embodiments, the stacked memory
device 962 include spare TSV self-repair logic 964, where the
self-repair logic 964 provides for replacement of the opera-
tion of defective TSVs using the spare TSVs of the stacked
memory device.

Connectivity 970 includes hardware devices (e.g., connec-
tors and communication hardware for wireless communica-
tion, wired communication, or both) and software compo-
nents (e.g., drivers, protocol stacks) to enable device 900 to
communicate with external devices. The device could be
separate devices, such as other computing devices, wireless
access points or base stations, as well as peripherals such as
headsets, printers, or other devices.

Connectivity 970 can include multiple different types of
connectivity. To generalize, device 900 is illustrated with
cellular connectivity 972 and wireless connectivity 974. Cel-
Iular connectivity 972 refers generally to cellular network
connectivity provided by wireless carriers, such as provided
via 4G/LTE (Long Term Evolution), GSM (global system for
mobile communications) or variations or derivatives, CDMA
(code division multiple access) or variations or derivatives,
TDM (time division multiplexing) or variations or deriva-
tives, or other cellular service standards. Wireless connectiv-
ity 974 refers to wireless connectivity that is not cellular, and
can include personal area networks (such as Bluetooth), local
area networks (such as WiF1), wide area networks (such as
WiMax), and other wireless communications. Connectivity
may include one or more omnidirectional or directional
antennas 976.

Peripheral connections 980 include hardware interfaces
and connectors, as well as software components (e.g., drivers,
protocol stacks) to make peripheral connections. It will be
understood that device 900 could both be a peripheral device
(“to” 982) to other computing devices, as well as have periph-
eral devices (“from” 984) connected to it. Device 900 com-
monly has a “docking” connector to connect to other com-
puting devices for purposes such as managing (such as
downloading, uploading, changing, or synchronizing) con-
tent on device 900. Additionally, a docking connector can
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allow device 900 to connect to certain peripherals that allow
device 900 to control content output, for example, to audio-
visual or other systems.

In addition to a proprietary docking connector or other
proprietary connection hardware, device 900 can make
peripheral connections 980 via common or standards-based
connectors. Common types can include a Universal Serial
Bus (USB) connector (which can include any of a number of
different hardware interfaces), DisplayPort including MiniD-
isplayPort (MDP), High Definition Multimedia Interface
(HDMI), Firewire, or other type.

FIG. 10 illustrates an embodiment of a computing system
including stacked memory having elements for repair of
operations of defective TSVs using spare TSVs. The comput-
ing system may include a computer, server, game console, or
other computing apparatus. In this illustration, certain stan-
dard and well-known components that are not germane to the
present description are not shown. Under some embodiments,
the computing system 1000 comprises an interconnect or
crossbar 1005 or other communication means for transmis-
sion of data. The computing system 1000 may include a
processing means such as one or more processors 1010
coupled with the interconnect 1005 for processing informa-
tion. The processors 1010 may comprise one or more physical
processors and one or more logical processors. The intercon-
nect 1005 is illustrated as a single interconnect for simplicity,
but may represent multiple different interconnects or buses
and the component connections to such interconnects may
vary. The interconnect 1005 shown in FIG. 10 is an abstrac-
tion that represents any one or more separate physical buses,
point-to-point connections, or both connected by appropriate
bridges, adapters, or controllers.

In some embodiments, the computing system 1000 further
comprises arandom access memory (RAM) or other dynamic
storage device or element as a main memory 1012 for storing
information and instructions to be executed by the processors
1010. RAM memory includes dynamic random access
memory (DRAM), which requires refreshing of memory con-
tents, and static random access memory (SRAM), which does
not require refreshing contents, but at increased cost. In some
embodiments, main memory may include active storage of
applications including a browser application for using in net-
work browsing activities by a user of the computing system.
DRAM memory may include synchronous dynamic random
access memory (SDRAM), which includes a clock signal to
control signals, and extended data-out dynamic random
access memory (EDO DRAM). In some embodiments,
memory of the system may include certain registers or other
special purpose memory.

In some embodiments, the main memory 1012 includes
stacked memory 1014, wherein the stacked memory includes
spare TSV self-repair logic 1015.

The computing system 1000 also may comprise a read only
memory (ROM) 1016 or other static storage device for storing
static information and instructions for the processors 1010.
The computing system 1000 may include one or more non-
volatile memory elements 1018 for the storage of certain
elements.

In some embodiments, the computing system 1000
includes one or more input devices 1030, where the input
devices include one or more of a keyboard, mouse, touch pad,
voice command recognition, gesture recognition, or other
device for providing an input to a computing system.

The computing system 1000 may also be coupled via the
interconnect 1005 to an output display 1040. In some embodi-
ments, the display 1040 may include a liquid crystal display
(LCD) or any other display technology, for displaying infor-
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mation or content to a user. In some environments, the display
1040 may include a touch-screen that is also utilized as at
least a part of an input device. In some environments, the
display 1040 may be or may include an audio device, such as
a speaker for providing audio information.

One or more transmitters or receivers 1045 may also be
coupled to the interconnect 1005. In some embodiments, the
computing system 1000 may include one or more ports 1050
for the reception or transmission of data. The computing
system 1000 may further include one or more omnidirec-
tional or directional antennas 1055 for the reception of data
via radio signals.

The computing system 1000 may also comprise a power
device or system 1060, which may comprise a power supply,
a battery, a solar cell, a fuel cell, or other system or device for
providing or generating power. The power provided by the
power device or system 1060 may be distributed as required
to elements of the computing system 1000.

In the description above, for the purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art that the present
invention may be practiced without some of these specific
details. In other instances, well-known structures and devices
are shown in block diagram form. There may be intermediate
structure between illustrated components. The components
described or illustrated herein may have additional inputs or
outputs which are not illustrated or described.

Various embodiments may include various processes.
These processes may be performed by hardware components
or may be embodied in computer program or machine-ex-
ecutable instructions, which may be used to cause a general-
purpose or special-purpose processor or logic circuits pro-
grammed with the instructions to perform the processes.
Alternatively, the processes may be performed by a combi-
nation of hardware and software.

Portions of various embodiments may be provided as a
computer program product, which may include a non-transi-
tory computer-readable storage medium having stored
thereon computer program instructions, which may be used to
program a computer (or other electronic devices) for execu-
tion by one or more processors to perform a process according
to certain embodiments. The computer-readable medium
may include, but is not limited to, floppy diskettes, optical
disks, compact disk read-only memory (CD-ROM), and mag-
neto-optical disks, read-only memory (ROM), random access
memory (RAM), erasable programmable read-only memory
(EPROM), electrically-erasable programmable read-only
memory (EEPROM), magnet or optical cards, flash memory,
or other type of computer-readable medium suitable for stor-
ing electronic instructions. Moreover, embodiments may also
be downloaded as a computer program product, wherein the
program may be transferred from a remote computer to a
requesting computer.

Many of the methods are described in their most basic
form, but processes can be added to or deleted from any of the
methods and information can be added or subtracted from any
of the described messages without departing from the basic
scope of the present invention. It will be apparent to those
skilled in the art that many further modifications and adapta-
tions can be made. The particular embodiments are not pro-
vided to limit the invention but to illustrate it. The scope of the
embodiments of the present invention is not to be determined
by the specific examples provided above but only by the
claims below.

Ifitis said that an element “A” is coupled to or with element
“B,” element A may be directly coupled to element B or be
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indirectly coupled through, for example, element C. When
the specification or claims state that a component, feature,
structure, process, or characteristic A “causes” a component,
feature, structure, process, or characteristic B, it means that
“A” is at least a partial cause of “B” but that there may also be
at least one other component, feature, structure, process, or
characteristic that assists in causing “B.” If the specification
indicates that a component, feature, structure, process, or
characteristic “may”, “might”, or “could” be included, that
particular component, feature, structure, process, or charac-
teristic is not required to be included. If the specification or
claim refers to “a” or “an” element, this does not mean there
is only one of the described elements.

An embodiment is an implementation or example of the
present invention. Reference in the specification to “an
embodiment,” “one embodiment,” “some embodiments,” or
“other embodiments” means that a particular feature, struc-
ture, or characteristic described in connection with the
embodiments is included in at least some embodiments, but
not necessarily all embodiments. The various appearances of
“an embodiment,” “one embodiment,” or “some embodi-
ments” are not necessarily all referring to the same embodi-
ments. It should be appreciated that in the foregoing descrip-
tion of exemplary embodiments of the present invention,
various features are sometimes grouped together in a single
embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of
one or more of the various inventive aspects. This method of
disclosure, however, is not to be interpreted as reflecting an
intention that the claimed invention requires more features
than are expressly recited in each claim. Rather, as the fol-
lowing claims reflect, inventive aspects lie in less than all
features of a single foregoing disclosed embodiment. Thus,
the claims are hereby expressly incorporated into this
description, with each claim standing on its own as a separate
embodiment of this invention.

29 <

What is claimed is:

1. A memory device comprising:

a memory stack having one or more memory die elements,

including a first memory die element; and

a system element coupled with the memory stack;

wherein the first memory die element includes:

a plurality of through silicon vias (TSVs), the plurality
of TSV including a plurality of data TSVs and one or
more spare TSVs, and

self-repair logic to repair operation of a defective TSV of
the plurality of data TSVs, the repair of operation of
the defective TSV including utilization of the one or
more spare TSVs, the self-repair logic including:

a detection element to detect the defective TSV,

a multiplexer element to direct data intended for the
defective TSV to a first spare TSV, and

a demultiplexer element to direct data received on the
first spare TSV to a connection for the defective
TSV.

2. The memory device of claim 1, wherein the self-repair
logic is to provide for static repairs of operation of defective
TSVs in manufacture of the memory device.

3. The memory device of claim 2, wherein the defective
TSV is identified by fusing of the defective TSV.

4. The memory device of claim 1, wherein the self-repair
logic is to provide for dynamic repairs of operation of defec-
tive TSVs in operation of the memory device.

5. The memory device of claim 1, wherein the memory
device is a WidelO compatible device.
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6. A method comprising:
conducting a test of a stacked memory device, the stacked
memory stack including one or more memory die ele-
ments, a system element coupled with the memory
stack, and a plurality of through silicon vias (TSVs);
detecting one or more defective TSVs of the plurality of
TSVs; and
repairing operation of the one or more defective TSV, the
repair of operation including utilization of the one or
more spare TSVs, wherein repairing the operation of the
one or more defective TSVs includes:
directing data intended for a first defective TSV to a first
spare TSV of the one or more spare TSVs using a
multiplexer element, and
directing data received on the first spare TSV to a con-
nection for the first defective TSV using a demulti-
plexer element.

7. The method of claim 6, wherein repairing the operation
of the one or more defective TSVs includes static repair in
manufacture of the stacked memory device.

8. The method of claim 6, wherein repairing the operation
of'the one or more defective TS Vs includes dynamic in opera-
tion of the memory device.

9. A system comprising:

a processor to process data of the system;

a transmitter, receiver, or both coupled with an omnidirec-

tional antenna to transmit data, receive data, or both; and

a memory to store data, the memory including a stacked

memory device, the stacked memory device including:
a memory stack having one or more memory die ele-
ments, including a first memory die element, and
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a system element coupled with the memory stack,
wherein the first memory die element includes:

a plurality of through silicon vias (TSVs), the plural-
ity of TSV including a plurality of data TSVs and
one or more spare TSVs, and

self-repair logic to repair operation of a defective TSV of
the plurality of data TSVs, the repair including utili-
zation of the one or more spare TSVs,

the self-repair logic including:

a detection element to detect the defective TSV,

a multiplexer element to direct data intended for the
defective TSV to a first spare TSV, and

a demultiplexer element to direct data received on the
first spare TSV to a connection for the defective
TSV.

10. The system of claim 9, wherein the system is a mobile
device.

11. The system of claim 10, wherein the mobile device is a
tablet computer.

12. The system of claim 9, wherein the self-repair logic is
to provide for static repairs of operation of defective TSVs in
manufacture of the memory device.

13. The system of claim 12, wherein the defective TSV is
identified by fusing of the defective TSV.

14. The method of claim 12, further comprising fusing the
defective TSV.

15. The system of claim 9, wherein the self-repair logic is
to provide for dynamic repairs of operation of defective TSVs
in operation of the memory device.

16. The system of claim 9, wherein the stacked memory
device is a WidelO compatible device.
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